The present paper is concerned mainly with two problems: the fine structural changes of the thyroid gland after hypophysectomy and the inhibition of the endocytic effect of TSH by actinomycin D.
It has been well known that the thyroid gland is stimulated by the TSH secreted from the adenohypophysis.
Numerous papers have been published dealing with the electron microscopy of the thyroid gland following the injection of TSH (WISSIG 1963 , FUJITA 1963 , 1968 , SHELDON et al. 1964 , STEIN and GROSS 1964 , WETZEL et al. 1965 , SELJELID 1967 . However, as to the fine structure of the thyroid after hypophysectomy, information is scarce except for the papers of DEMPSEY and PETERSON (1955) , KUROSUMI (1964, personal communication) , WETZEL et al. (1965) , SELJELID (1967), and SCHWARZ (1967) ; finer pictures and more detailed descriptions seem needed.
Numerous authors have reported that large droplets appear in the apical part of the follicular cell from 5 minutes to several hours after injection of TSH. These large droplets have recently been regarded as an endocytic reabsorbed colloid by autoradiographic and microinjection methods (SHELDON et al. 1964 , STEIN and GROSS 1964 , BAUER and MEYER 1964 , EKHOLM and SMEDS 1966 , SELJELID 1967 a, b, FUJITA 1968 . The present authors who have studied the effect of TSH and actinomycin D on the thyroid gland of the hypophysectomized rat, noticed by chance that the endocytic action of TSH is inhibited by actinomycin D.
Materials and methods
Thirty six male rats weighing about 150-200g were used for this study. Three normal animals served as control. Twenty animals were hypophysectomized by the transauditory method (KOYAMA 1962) . Nine animals were separated into three groups and each group was sacrificed 10 days, 20-21 days and 30 days after hypophysectomy.
Twelve (WISSIG 1960 , 1964 , HEIMANN 1966 , LUPULESCU and PETROVICI 1968 .) and will not be described in detail in the present paper.
The thyroid cell of a normal rat is characterized by a well developed rough endoplasmic reticulum with its relatively enlarged cisternae (Fig. 1) . Mitochondria are distributed throughout the cytoplasm, especially in the ergastoplasmic region. The Golgi apparatus is usually located at the supranuclear region. Several kinds of granules, large pale or dense, small dense, and small low-dense, are located in the apical part of the cytoplasm, as described in previous papers. At the basal part of the follicle cells or among the follicle tissues, parafollicular cells are located singly or in small groups.
plasm.
Ten to thirty days after hypophysectomy, most follicle lumens became larger and all the thyroid follicular cells were markedly attenuated, especially at the penremarkably thin cytoplasm, there was a large bay, where sometimes a blood capillary or connective tissue cell was located (Fig. 2) . The nucleus became flattened and the cytoplasm appeared compact with a marked decrease of the cytomembrane system. In most cells, elements of the rough endoplasmic reticulum were almost entirely lost and the remainder became smaller and flattened ( Fig. 2, 3 ). The mitochondria were fairly well preserved in the cytoplasm, though they seemed to be somewhat smaller and round or oval as compared with the longer ones of the normal thyroid cell. The Golgi apparatus located in the supranuclear region was also markedly reduced in size. The Golgi vacuoles disappeared and only a few small lamellar structures and vesicles remained in this area. The cytoplasmic matrix looked relatively dark, and numerous free ribosomes were distributed. Most cytoplasmic granules and droplets disappeared, and only a few small lysosome-like dense bodies were sometimes seen ( Table 1 ). The microvilli were relatively well preserved at the free surface, though their population seemed somewhat lower than that in the normal cell. No conspicuous fine structural changes were observed in the parafollicular cell as reported by MATSUZAWA (1966) and SCHWARZ (1967) . 2. Effect of TSH on hypophysectomized rats (Fig. 4-6) the hypophysectomized rats, 30min., 1, 2 and 4hrs after the injection of TSH. Sometimes large pseudopods containing large pale droplets suggesting the endocytosis of the follicle colloid were noticed (Fig. 4) . These droplets were very few in the animals 30min-1hr after the injection of TSH and tended to increase in number for several hrs. The reaction to TSH seemed to occur somewhat later in the hypophysectomized rat as compared with that in the normal animals. Numerous large droplet appeared especially in the rats given double injections of TSH, 4 and 2hrs before sacrifice (Fig. 6 ). Small lysosome like dense bodies were also noticed near the large droplets.
Elements of the rough endoplasmic reticulum of most cells, which were very poor in the hypophysectomized rat, showed somewhat enlarged cisternal structures 2-4hrs after the injection of TSH. However, the well developed reticular structures with numerous cisternal elements which are usually seen in normal rats, were not recognized in these experimental animals. The Golgi apparatus also became relatively large and the smooth-surfaced vacuolar elements were markedly increased and were located near the Golgi field and in the subapical region.
3. Effect of actinomycin D and TSH on the thyroid of hypophysectomized rats (Fig. 7,  8) .
The large droplets which appeared in the thyroid follicular cell of the TSHtreated animals were hardly recognized in the actinomycin D-treated animals, 30 min, 1, 2 and 4hrs after TSH injection. reabsorption and hydrolysis of colloid droplet, and synthesis of thyroglobulin. Hence, it is easily understood that the follicular cell is attenuated and its cytomembrane becomes very poor in the thyroid follicular cell of the hypophysectomized rat. KUROSUMI (1964) and SCHWARZ (1967) also observed a decrease in number of the cytoplasmic granules and droplets in the apical region of the cell and reduction of the Golgi apparatus in size. However, SCHWARZ (1967) who observed the thyroid gland of the rat 6-10 days after hypophysectomy recognized a considerable number of large droplets in the basal region of the cell. This fact suggests that it takes a fairly long time to hydrolyse completely the reabsorbed colloid in the hypophysectomized rat. However, we could not find any colloid droplets in the follcular cell 10-30 days after hypophysectomy.
The reduction in size or disappearance of the rough endoplasmic reticulum and of the Golgi apparatus suggests the cessation of the thyroglobulin synthesis in the follicular cell. Recently, it has been believed that the large droplet is not a secretory substance but a reabsorbed colloid as described in the introduction.
The disappearance of the large droplets in the apical cytoplasm should mean the stop of the reabsorption of the follicle colloid. From this view-point, it is considered that the thyroid gland ceases its function almost entirely in the hypophysectomized rat. SELJELID (1967a) reported, in the thyroid suppressed for a few days by thyroxine-treatment or hypophysectomy, that TSH injections lead to the reappearance of colloid droplets in 5min, and the recovery of the follicular cell to its normal appearance in 60-120min.
However, in the long term-hypophysectomized rat in the present study the thyroid did not react so markedly.
This fact suggested that the sensitivity to TSH becomes lower in the long term suppressed thyroid.
As actinomycin D has been considered to act on the nuclear DNA and inhibit the messenger RNA formation (REICH et al. 1962 , GOLDBERG and RALINOWITZ 1962 , HURWITZ et al. 1962 , REICH et al. 1962 , it is easy to expect the thyroglobulin synthesis to be blocked by the treatment of this agent. The decrease in number of small subapical vesicles in the actinomycin D-and TSH-treated rats may suggest the block of synthesis of thyroglobulin, since the small subapical vesicles have been regarded as secretory substances containing thyroglobulin by NADLER et al. (1964) . In addition, in the actinomycin D-and TSH-treated rat, large droplets are hardly recognized in the thyroid follicular cell. It is considered that actinomycin D inhibits the action of TSH in reabsorption of the colloid by endocytosis. Several possibilities are speculated as to the mechanism of this phenomenon as follows.
1. GREENSPAN and HARGADINE (1965) 2. Some elements of the rough endoplasmic reticulum showed simple (but not reticular) enlarged cisternal structures and the small vesicles were increased markedly 2-4 hours after injection of TSH in the hypophysectomized rats, while in the hypophysectomized animals treated with actinomycin D the rough endoplasmic reticulum remains flattended and small vesicles were smaller in number after TSH injection.
3. Cytoplasmic large colloid droplets appeared in the hypophysectomized thyroid cell 30min after injection of TSH, and were increased in number with time. However, these droplets were hardly recognized in the rat treated with actinomycin D and TSH. Actinomycin D is considered to inhibit the endocytic activity of the follicular cell induced by TSH-injection; the possible mechanisms of this effect were discussed.
Addendum
Since this paper was submitted for publication, the present authors have read an interesting paper by Drs. EKHOLM and ELMQVIST, dealing with the inhibition of endocytosis in the thyroid follicle cells by actinomycin D in the Experimental cell Research 48: 640-643 (1967) . We would like to express our agreement with Drs. EKHOLM and ELMQVIST. 
